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Venous valvular reflux and obstruction are the
main pathophysiologic components of lower extrem-
ity chronic venous insufficiency (CVI). Most patients
requiring surgical treatment for symptomatic CVI
have valvular reflux, rather than obstruction, as the
single or prevailing venous problem.1-3 Evaluation of
patients with CVI therefore focuses on the quantita-
tion and anatomic definition of reflux in the different
venous systems.
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Purpose: The role of air plethysmography (APG) in the diagnosis of venous disease is not
well defined. We conducted this study to investigate the value of APG in the diagnosis
of chronic venous insufficiency and to determine its correlation with the clinical severi-
ty of disease and the anatomic distribution of reflux.
Methods: We studied 186 lower extremities with duplex scanning and venography and
measured the venous volume, venous filling index (VFI), ejection fraction, and residual
volume fraction with APG. Limbs were categorized according to the Society for Vascular
Surgery and International Society for Cardiovascular Surgery classification of clinical
severity of disease and according to the anatomic distribution of valvular incompetence.
Results: Sixty-one limbs had no evidence of disease (class 0), 60 limbs had mild disease
(classes 1, 2, and 3), and 65 limbs had severe disease (classes 4, 5, and 6). According to
the results of duplex scanning and venography, there was no evidence of reflux in 56
limbs. Isolated superficial venous reflux occurred in 52 limbs, and perforator reflux,
alone or in conjunction with superficial reflux, occurred in 30. Deep reflux, with or
without superficial reflux, was found in 25 limbs. Deep and perforator reflux, with or
without superficial reflux, was found in 19 limbs. The VFI had a sensitivity of 80% and
99% positive predictive value for any type of reflux. The VFI was significantly different
between groups of limbs with different clinical severities of disease or different types of
reflux. The incidence of deep or perforator reflux in limbs with a normal VFI value was
7%, and it was 82% in limbs with a VFI of more than 5. Among 86 limbs with VFI val-
ues not corrected with use of a thigh tourniquet, 28% did not have evidence of deep or
perforator reflux, and among 15 limbs with VFI values corrected with the use of a
tourniquet, 33% had perforator reflux, deep reflux, or both. All APG parameters had
low positive predictive values for severe disease or ulceration. The ejection fraction and
residual volume fraction did not influence the clinical severity of disease, did not dis-
criminate between types of reflux, and in combination with the VFI did not improve the
predictive value of APG.
Conclusions: The VFI measured by APG is an excellent predictor of venous reflux, pro-
vides an estimate of the clinical severity of disease, and at high levels predicts deep reflux,
perforator reflux, or both. Correction of an abnormal VFI with a thigh tourniquet is an
unreliable predictor of the absence of deep or perforator incompetence. The predictive
value of APG for severe disease or ulceration is poor. The ejection fraction and residual
volume fraction, individually or in combination with the VFI, add little to the diagnos-
tic value of APG, and their routine performance may not be clinically justified. (J Vasc
Surg 1998;27:660-70.)
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Duplex scanning and venography can provide
the anatomic and physiologic information necessary
to diagnose and treat patients with venous reflux in
the superficial, deep, and perforator venous systems.
During the last few years, air plethysmography
(APG) has been introduced as an additional tool for
the evaluation of venous hemodynamics. APG mea-
sures parameters of global venous function, includ-
ing the calf venous volume, venous filling index,
ejection fraction (EF), and residual volume fraction
(RVF). The parameters of venous function measured
by APG are physiologically appealing and may add
to our understanding of the pathophysiology of
venous disease. However, the practical application of
APG to the diagnosis and treatment of patients with
CVI is poorly defined. We conducted this study to
assess the role of APG in evaluating patients with
CVI produced by valvular incompetence.
PATIENTS AND METHODS
One hundred and eighty-six limbs from 108
individuals were studied with APG and duplex ultra-
sonography. There were no patients with stroke,
fractures, neurologic disease, or other obvious caus-
es of calf muscle function impairment in this study.
Venous hemodynamics were assessed with an air
plethysmograph (ACI Medical, Inc., Sun Valley,
Calif.) in all limbs, and the venous volume (VV),
venous filling index (VFI) with and without superfi-
cial venous occlusion above the knee, EF, and RVF
were calculated as previously described.4,5 Lower
extremity duplex ultrasound studies with the patient
in the supine position were performed by experi-
enced registered vascular technologists who used a 5
MHz linear array B-mode ultrasound probe with a 3
MHz pulsed Doppler (Acuson 128 XP 10 color flow
ultrasound scanner, Mountain View, Calif.).
Doppler signals were obtained from the com-
mon femoral, greater saphenous, popliteal, and pos-
terior tibial veins. Sequential direct vein compression
was performed throughout the deep veins, from the
inguinal ligament to the calf, including all three pairs
of calf veins and the intramuscular veins. The greater
saphenous vein was examined throughout its length
beginning at its confluence with the common
femoral vein. Doppler signals were considered nor-
mal when they demonstrated symmetric, sponta-
neous, and phasic flow in all veins with good aug-
mentation in response to distal limb compression.
Reflux was characterized as flow reversal on release
of distal compression for all veins and during a
Valsalva maneuver for the common femoral vein. B-
mode images were considered normal when there
was complete vein wall coaptation in response to
direct compression.
The medial aspect of the calf was interrogated
with color flow scanning for the presence of incom-
petent perforators. Limbs from normal volunteers or
without evidence of venous disease were not investi-
gated for the presence of incompetent medial calf
perforating veins. Perforator reflux was determined
with duplex scanning by bidirectional flow in
response to proximal or distal limb compression and
release maneuvers or by ascending venography.
Reflux in 58 limbs was evaluated with the patient in
the standing position and by measuring valve closure
times with rapid inflation and deflation cuffs to elicit
reflux as previously described.6 A valve closure time
of 0.5 seconds or longer was the criterion for reflux.
Reflux in axial veins was determined only by duplex
findings. Perforator vein incompetence was based on
color duplex criteria and on the results of ascending
venography in six cases. Descending venograms were
obtained for planning of venous reconstructions in
15 patients and did not alter the type of reflux found
by duplex scanning. Ascending venograms were
done when perforator incompetence was clinically
suspected but not evident by duplex scanning.
Limbs were categorized according to the clinical
classification of chronic venous disease suggested by
the North American Chapter of the Society for
Vascular Surgery and International Society for
Cardiovascular Surgery (SVS/ISCVS) Ad Hoc
Committee on Reporting Standards in Venous
Disease.7 For statistical analysis, limbs without skin
changes (class 1, 2 and 3) were grouped as limbs
with mild disease, and limbs with skin changes (class
4, 5 and 6) were considered as one group with
severe disease. Limbs were also classified according
to the anatomic distribution of valvular incompe-
tence determined by duplex scanning in conjunction
with venography in some cases. Four limbs did not
have EF and RVF values recorded and were omitted
from calculations involving these variables. Because
four other patients were found to have an isolated
segment of deep reflux and were not considered to
have deep valvular incompetence, they were not
included in the analysis of limbs with type of reflux.
The statistical differences between groups were
determined by the analysis of variance method.
Differences in the incidence of events between
groups were calculated by contingency table analy-
sis. Statistical significance was assumed when p was
less than 0.05.
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RESULTS
Sixty-one limbs had no evidence of venous dis-
ease (class 0); of these, 26 belonged to young,
healthy volunteers, and 35 were asymptomatic limbs
without evidence of venous disease from patients
with contralateral limb CVI. Sixty limbs had mild
CVI (class 1, 2 or 3), and 65 limbs had severe dis-
ease (10 class 4 and 55 class 5 or 6). The distribu-
tion of reflux in 186 limbs found by duplex scanning
and venography is detailed in Table I.
The differences in VFI, EF, and RVF between the
groups of limbs, categorized according to the clinical
severity of disease, are described in Figs. 1 through 3.
The VFI showed statistically significant differences
among all categories of clinical severity of disease.
The EF and RVF showed statistical differences only
among some of the groups. The incidence of mild
and severe CVI according to the level of VFI is illus-
trated in Fig. 4.
The association of combined VFI and EF with
the clinical severity of disease is illustrated in Fig. 5.
There was no statistical difference in the incidence of
severe disease between limbs with normal EF
(>60%) or with abnormal EF (<60%), regardless of
whether the VFI was above (p > 0.90) or below 5
ml/sec (p > 0.9).
The influence of the RVF on the severity of dis-
ease in relation to the level of VFI is illustrated in Fig.
6. There was no statistical difference in the incidence
of severe venous disease (classes 4, 5, and 6) at high
(>5 ml/sec) or low levels (>2 and <5 ml/sec) of VFI,
regardless of the magnitude of the RVF.
The differences in VFI, EF, and RVF among the
groups of limbs categorized according to the type
of reflux determined by duplex scanning and
venography are described in Figs. 7 through 9. The
VFI showed statistically significant differences
among all categories of limbs with different types
of reflux. The EF and RVF showed statistical dif-
ferences only among some of the types of reflux.
The incidence of superficial compared with deep or
perforator reflux in relation to the VFI level is illus-
trated in Fig. 10.
Among 86 limbs with abnormal VFI values that
did not correct with use of a thigh tourniquet, 28%
did not have evidence of deep or perforator reflux.
Among 15 limbs with VFI values corrected with the
use of a tourniquet, 33% had perforator or deep
reflux or both.
Table I. Type of reflux
Type of reflux Number (%)
None 56 (30.8)
Superficial 52 (28.6)
Perforator w/wo superficial 30 (16.5)
Deep w/wo superficial 25 (13.7)
Deep and perforator 19 (10.4)
w/wo superficial
W/wo, With or without.
Fig. 1. Comparison of venous filling index (VFI) values by severity of disease for 186 limbs
studied with air plethysmography. The table depicts mean differences and p values for group
comparisons. Statistical significance among all three groups exists.
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Correlations among the VFI, EF, and RVF val-
ues are presented in Table II. The positive predictive
value (PPV) and negative predictive value (NPV) of
VV, VFI, EF, RVF, and combinations of VFI, EF,
and RVF are detailed in Table III. An abnormal VFI
value (<2 ml/sec) carried a 99% PPV for the pres-
ence of any type of reflux. The individual predictive
values of the EF and RVF were lower than that of
VFI in most cases. Combination of the EF or RVF
with the VFI did not improve the PPV of APG,
although it improved the NPV by 7% or less. The
sensitivities and specificities of the VFI, EF, RVF,
and combinations of VFI with EF and RVF are
detailed in Table IV.
Fig. 3. Comparison of residual volume fraction (RVF) by severity of disease for 186 limbs
studied with air plethysmography. The table depicts mean differences and p values for group
comparisons. Statistical significance was demonstrated for comparison of the normal and severe
disease groups and for the mild and severe disease groups. No difference was found between
normal and mild disease groups.
Fig. 2. Comparison of the ejection fraction (EF) by severity of disease for 186 limbs studied
with air plethysmography. The table depicts mean differences and p values for group compar-
isons. A statistically significant difference existed between normal limbs and those with severe
disease, although not for other group comparisons.
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DISCUSSION
Evaluation of CVI in patients with venous reflux
requires assessment of the clinical severity of the dis-
ease process, quantitation of the hemodynamic
effect of venous incompetence, and definition of the
anatomic distribution of reflux throughout the
superficial, perforator, and deep venous systems.
The purpose of this analysis was to determine to
what extent APG aids in this process.
APG was introduced as a noninvasive method to
quantitate venous reflux8 and to measure the effect
of therapeutic intervention on venous hemodynam-
ics.4,9 APG measures various parameters of lower
extremity venous function. The VFI measures the
venous refilling rate of the calf, thereby assessing the
overall degree of calf venous reflux. The EF esti-
mates the percentage of calf blood volume emptied
with a single calf muscle contraction during a tiptoe
exercise, and the RVF measures the blood volume
remaining in the calf after 10 consecutive tiptoe
exercises. The EF and RVF assess the function of the
calf muscle pump. The RVF also may have a high
linear correlation with the ambulatory venous pres-
sure measured by direct foot vein cannulation, in
which case the RVF could give a noninvasive esti-
mate of the ambulatory venous pressure.4
Correlation of the clinical classifications of
venous disease suggested by the SVS/ISCVS7 with
APG parameters could establish the long-sought
relationship between clinical severity of venous dis-
ease and hemodynamic changes. Our study showed
that the VFI provides hemodynamic differentiation
of groups of normal limbs, limbs with mild CVI
(classes 1, 2, and 3), and limbs with severe disease
(classes 4, 5, and 6). The RVF discriminated well
between limbs with severe venous disease and those
with mild disease and normal limbs, but it could not
differentiate normal limbs from those with mild dis-
ease. The EF only differentiated limbs with severe
disease from normal limbs and was unable to sepa-
rate groups of limbs with mild CVI from those with
severe disease or from normal limbs.
Other studies have failed to show differences in
APG parameters for various categories of CVI.10,11
The lack of significant differences in APG parameters
between limbs with lipodermatosclerosis and those
with skin ulceration found in these studies may be
explained by the theory that the change from lipo-
dermatosclerosis to ulceration results from microvas-
cular or local factors rather than from macrovascular
Table II. Correlation coefficients for air plethys-
mography variables
Variable VV VFI EF RVF
VV 1.000 — — —
VFI 0.615 1.000 — —
EF –0.205 –0.240 1.000 —
RVF 0.176 0.292 –0.537 1.000
VV, Venous volume; VFI, venous filling index; EF, ejection frac-
tion; RVF, residual volume fraction.
Fig. 4. Severity of disease is stratified by the venous filling index (VFI) for 186 limbs studied
with air plethysmography. Numbers above the columns give the percentages of limbs for each
group of severity according to the SVS/ISCVS classification of clinical severity of venous disease.
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hemodynamics.11,12 In a similar way, Araki et al.13
found no differences in VFI values between limbs
with healed ulcers and limbs with open ulcers but
found that the EF and RVF were significantly worse
in limbs with open ulcers. This finding may be
explained by the limiting effect of ulcer pain on the
calf effort required to record the EF and RVF during
tiptoe exercises; the VFI is a passive maneuver and is
not affected by this pain. For hemodynamic purpos-
es, it may be more appropriate to gather patients with
lipodermatosclerosis and those with healed or open
ulcerations in the same group, as we did in this study.
Fig. 5. Combined effect of venous filling index (VFI) and ejection fraction (EF) on the clin-
ical severity of disease. Although the incidence of severe disease was significantly higher (p <
0.05) in limbs with VFI values of more than 5 ml/sec, an abnormal EF value did not produce
a significant difference in the incidence of severe venous disease (classes 4, 5, and 6), regard-
less of whether the VFI was above (p > 0.90) or below 5 ml/sec (p > 0.9). The percentages
represent the limbs with severe venous disease (classes 4, 5, and 6) among limbs falling in that
section of the scattergram.
Fig. 6. Influence of the residual volume fraction (RVF) on the severity of disease in relation
to the venous filling index (VFI). An abnormal RVF (>35%) did not produce a significant
increase in the incidence of severe venous disease (class 4, 5, and 6) in combination with high
(>5 ml/sec) or low VFI values (>2 and <5 ml/sec; p = 0.3 and p = 0.67, respectively). The
percentages represent the limbs with severe venous disease (classes 4, 5, and 6) among limbs
falling in that section of the scattergram.
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The effect of a low EF in combination with a
large VFI value on increasing the incidence of ulcer-
ation, as found by Nicolaides and Sumner,14 was
not evident in our study. Our data suggest that nei-
ther a low EF nor an abnormal RVF influence the
incidence of severe disease, regardless of the high or
low level of VFI of the limbs.
The prediction of severe disease or ulceration in
Fig. 7. Comparison of the venous filling index (VFI) by type of reflux for 186 limbs studied
with air plethysmography. The table depicts mean differences and p values for group compar-
isons. Statistical significance demonstrated between all types of reflux. N, Normal limbs; S,
superficial reflux; P, perforator reflux, with or without superficial; D, deep reflux, with or with-
out superficial or perforator reflux.
Fig. 8. Comparison of ejection fraction (EF) by type of reflux for 186 limbs studied with air
plethysmography. The table depicts the mean differences and p values for group comparisons.
Statistical significance was demonstrated for the comparison of normal and perforator reflux
and for normal and deep reflux. All other comparisons were not significant. N, Normal limbs;
S, superficial reflux; P, perforator reflux, with or without superficial reflux; D, deep reflux, with
or without superficial or perforator reflux.
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our population was poor for all APG parameters.
However, the NPV of a normal VFI for the absence
of severe disease or ulceration was 93% and 94%
respectively, substantially higher than that of a nor-
mal EF or RVF. The combination of a normal VFI
with a normal RVF increased the NPV for the
absence of severe disease only by 4% and for the
absence of ulceration by 4%, but the combination
did not change the PPV. The combination of VFI
and EF did not improve the PPV or NPV for pre-
dicting severe disease or ulceration.
Several factors suggest that the clinical severity of
venous disease is more related to reflux measured by
VFI than to functions assessed by the EF and RVF.
The VFI provides better separation of the different
clinical categories of venous disease than the EF and
RVF. The VFI also has a higher predictive value for
severe disease than the EF and RVF. The EF and
RVF do not affect the incidence of severe disease at
low or high VFI levels.
Valvular incompetence in the superficial, perfora-
tor, or deep venous systems has major therapeutic
and prognostic implications. In our study, the VFI
demonstrated a significant progression in the rate of
calf reflux with involvement of the different venous
systems, which suggests that the hemodynamic
Fig. 9. Comparison of residual volume fraction (RVF) by type of reflux for 186 limbs studied
with air plethysmography. The table depicts the mean differences and p values for group com-
parisons. Statistical significance was demonstrated for comparisons of all types, except perfora-
tor reflux and deep reflux. N, Normal limbs; S, superficial reflux; P, perforator reflux, with or
without superficial reflux; D, deep reflux, with or without superficial or perforator reflux.
Table III. Positive and negative predictive values for various air plethysmography variables
Deep and/or Severe disease Ulceration 
Reflux perforator reflux (classes 4–6) (classes 5 and 6)
Variable PPV NPV PPV NPV PPV NPV PPV NPV
VV = 80-170 82.5 35.7 61.4 69.8 56.1 74.4 47.4 78.3
VFI ≤ 2 99.0 67.9 64.8 92.6 56.2 92.6 47.6 93.8
VFI ≤ 5 100.0 43.4 82.5 79.1 77.2 83.7 70.2 88.4
RVF ≤ 35 84.2 40.6 56.6 73.6 48.7 76.4 44.7 83.0
EF ‡ 60 77.6 35.8 47.4 67.0 40.8 70.8 34.2 75.5
VFI ≤ 2 + EF ‡ 60 86.2 71.2 52.3 94.2 44.6 92.3 37.7 94.2
VFI ≤ 2 + RVF ≤ 35 89.5 72.4 56.4 98.3 48.4 96.6 41.1 98.3
RVF ≤ 35 + EF ‡ 60 80.6 44.3 48.5 73.4 42.7 77.2 37.9 83.5
VFI ≤ 2 + RVF ≤ 35 + 84.8 77.3 50.7 97.7 43.5 95.5 37.0 97.7
EF ‡ 60
VV, Venous volume; VFI, venous filling index; EF, ejection fraction; RVF, residual volume fraction.
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severity of reflux progresses with involvement from
the superficial to the perforator and deep venous sys-
tems. However, the EF and RVF did not separate
well limbs by type of reflux. Our data support the
idea that limbs with large VFI values (>5 ml/sec)
should be carefully evaluated for perforator and deep
reflux because of the high probability (82%) of their
occurrence. However, in limbs with intermediate
levels of VFI (2 to 5 ml/sec), prediction of perfora-
tor or deep reflux is of little clinical value because it
occurs in only 45% of the cases. Harada et al.15
found that a VFI value greater than 7 ml/sec carried
a 100% PPV and 73% sensitivity for deep vein reflux
extending below the knee and that the EF and RVF
did not differentiate between above and below the
knee deep vein reflux.
The poor prediction of perforator or deep reflux
on the basis of correction of the VFI with a low
thigh tourniquet may be explained by unreliable
occlusion of the superficial system by the tourniquet
in limbs for which correction was not obtained and
by the low hemodynamic impact on the VFI by
some incompetent perforators or deep venous seg-
ments. The PPV for perforator or deep reflux was
low for all APG parameters. When the EF and RVF
were combined with the VFI, they did not improve
the PPV for perforator or deep reflux. Although the
NPV of a normal VFI for the absence of perforator
or deep reflux was high, it has little clinical rele-
vance, because only a tiny subset of limbs with symp-
tomatic venous reflux have a normal VFI value.
Despite the significant differences in VFI values
among groups of limbs with different types of reflux,
APG helps little in determining the presence of
reflux in the different venous systems and does not
reduce the need for duplex scanning and venogra-
phy to make an accurate diagnosis of the extent of
venous incompetence.
Fig. 10. Type of reflux stratified by level of venous filling index (VFI) for 186 limbs studied
with air plethysmography. The numbers above the columns indicate the percentage of limbs
for each type of reflux.
Table IV. Sensitivity and specificity of various air plethysmography variables
Reflux Severe disease (classes 4–6) Ulceration (classes 5 and 6)
Variable Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
VFI < 2 80.0 98.2 90.8 62.0 90.9 58.0
VFI < 5 43.8 100.0 67.7 89.3 72.7 87.0
RVF < 35 50.4 78.2 59.7 67.5 65.4 67.7
EF > 60 46.5 69.1 50.0 62.5 50.0 61.5
VFI < 2 + RVF < 35 87.4 76.4 96.8 46.7 98.1 43.8
VFI < 2 + EF > 60 88.2 67.3 93.5 40.0 94.2 37.7
VV, Venous volume; VFI, venous filling index; EF, ejection fraction; RVF, residual volume fraction.
Detection and quantitation of valvular reflux are
important aspects of the diagnosis of CVI. Duplex
scanning allows accurate detection and quantitation
of reflux in individual veins by measuring the dura-
tion of reflux or valve closure time. The VFI pro-
vides a measure of global limb reflux, but because of
its relatively low sensitivity, it is not a good screening
test for reflux. It is not clear whether duplex scan-
ning obtains better quantitation of limb reflux than
APG. Neglen and Raju16 found that a multisegment
score of venous reflux measuring valve closure times
correlated well with the clinical severity of venous
disease, and Welch et al17 observed that duplex-
derived valve closure time measurements were a bet-
ter predictor of phlebographically proven severe
deep reflux than APG parameters. Weingarten et
al.18 demonstrated good correlation of the VFI with
a reflux time score determined by color-assisted
duplex scanning. However, Rodriguez et al.19 found
that global limb reflux obtained by duplex-derived
valve closure times from individual venous segments
failed to correlate with the VFI, suggesting that
duplex scanning should not be used for the quanti-
tation of global limb reflux. Although we did not
attempt to quantitate reflux with duplex scanning in
our population, our data showed the quantitation of
reflux given by the VFI estimates the clinical severi-
ty of disease and the extent of reflux. The VFI there-
fore provides quantitation of global limb reflux that
complements the qualitative and anatomic definition
of reflux obtained by duplex scanning.
Our data suggest that the best estimate of limb
reflux obtained with APG is given by the VFI and
that the EF and RVF have poor qualitative and
quantitative value in the assessment of venous
incompetence. Although the EF and RVF also may
be influenced in some limbs by factors unrelated to
venous disease, such as patient effort, weakness,
pain, or musculoskeletal impairment, the VFI, EF,
and RVF should be mainly a function of venous
valvular incompetence in the absence of significant
venous obstruction. Because the VFI is related to
venous reflux, the lack of correlation among VFI,
EF, and RVF showed in our data suggests that the
EF and RVF correlate poorly with the degree of
venous reflux. In agreement with this finding, the
results of a study by Neglen and Raju16 showed that
the RVF poorly correlated with the severity of reflux
assessed by duplex scanning. Although we did not
investigate the validity of the RVF as a noninvasive
estimate of the ambulatory venous pressure, as sug-
gested by Christopoulos,4 such correlation was
questioned by Payne et al.,20 who found poor corre-
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lation between RVF and ambulatory venous pres-
sure in a study of 103 limbs. It appears that the EF
and RVF are of little relevance in the diagnosis of
venous reflux and that their role in the evaluation of
patients with CVI is difficult to define.
In summary, the VFI is a good predictor of
venous reflux, is the best determinant of the clinical
severity of venous disease, and offers some degree of
prediction for perforator and deep vein reflux. The
VFI is not a good screening test for reflux because of
its relatively low sensitivity. The EF and RVF corre-
late poorly with the degree of reflux, do not have an
important effect on the clinical severity of disease,
and do not predict the anatomic type of reflux. The
VFI therefore is the most useful diagnostic parame-
ter measured by APG, and the EF and RVF appear
to have little clinical applicability.
REFERENCES
1. McEnroe CS, O’Donnell TF, Mackey MC. Correlation of
clinical findings with venous hemodynamics in 386 patients
with chronic venous insufficiency. Am J Surg 1988;156:148-
52.
2. Weingarten MS, Branas CC, Czeredarczuk M, Schmidt JD,
Wolferth CC. Distribution and quantification of venous
reflux in lower extremity chronic venous stasis disease with
duplex scanning. J Vasc Surg 1993;18:753-9.
3. Meyers KA, Ziegenbein RW, Hua Zeng G, Mathews PG.
Duplex scanning for chronic venous disease: patterns of
venous reflux. J Vasc Surg 1995;21:605-12.
4. Christopoulos DG, Nicolaides AN, Szendro G, Irvine AT,
Mui-lan B, Eastcott HHG. Air-plethysmography and the
effect of elastic compression on venous hemodynamics of the
leg. J Vasc Surg 1987;5:148-59.
5. Katz ML, Comerota AJ, Kerr R. Air-plethysmography: a new
technique to evaluate patients with chronic venous insuffi-
ciency. J Vasc Technol 1991;15:23-7.
6. Criado E, Daniel PF, Marston WA, Mansfield DI, Keagy BA.
Physiologic variations in lower extremity venous valvular
function. Ann Vasc Surg 1995;9:102-8.
7. Porter JM, Moneta GL, and an International Consensus
Committee on Chronic Venous Disease. Reporting standards
in venous disease: an update. J Vasc Surg 1995;21:635-45.
8. Christopoulos DG, Nicolaides AN, Szendro G. Venous
reflux: quantification and correlation with the clinical severi-
ty of chronic venous disease. Br J Surg 1988;75:352-6.
9. Christopoulos D, Nicolaides AN, Galloway JMD, Wilkinson
A. Objective noninvasive evaluation of venous results. J Vasc
Surg 1988;8:683-7.
10. Iafrati MD, Welch H, O’Donell TF, Belkin M, Umphrey S,
McLaughlin R. Correlation of venous tests with the Society
for Vascular Surgery/International Society for Cardiovascular
Surgery clinical classification of chronic venous insufficiency.
J Vasc Surg 1994;19:1001-7.
11. van Bemmelen PS, Mattos MA, Hodgson KJ, Barkmeirs LD,
Ramsey DE, Faught WE, Sumner DS. Does air-plethysmog-
raphy correlate with duplex scanning in patients with chron-
ic venous insufficiency? J Vasc Surg 1993;18:796-807.
12. Labropoulos N, Giannoukas AD, Nicolaides AN,
Ramaswami G, Leon M, Burke P. New insights into the
JOURNAL OF VASCULAR SURGERY
670 Criado et al. April 1998
pathophysiologic condition of venous ulceration with color
flow duplex imaging: implications for treatment? J Vasc Surg
1995;22:45-50.
13. Araki CD, Back TL, Padberg FT, Thompson PN, Jamil Z,
Lee BC, et al. The significance of calf muscle pump function
in venous ulceration. J Vasc Surg 1994;20:872-9.
14. Nicolaides AD, Sumner DS. Investigation of patients with
deep vein thrombosis and chronic venous insufficiency.
London: Med-Orion, 1991:47-9.
15. Harada RH, Katz ML, Comerota A. A noninvasive screening
test to detect critical deep venous reflux. J Vasc Surg
1995;22:532-7.
16. Neglen P, Raju S. A rational approach to detection of signif-
icant reflux with duplex Doppler scanning and air-plethys-
mography. J Vasc Surg 1993;17:590-5.
17. Welch HJ, Faliakou EC, McLaughlin RL, Umphrey SE,
Belkin M, O’Donell TF. Comparison of descending phle-
bography with quantitative photoplethysmography, air
plethysmography, and duplex quantitative valve closure time
in assessing deep venous reflux. J Vasc Surg 1992;16:913-20.
18. Weingarten MS, Czeredarzuk M, Scovell S, Branas CC,
Mignogna GM, Wolferth CC. A correlation of air plethys-
mography and color flow assisted duplex scanning in the
quantification of chronic venous insufficiency. J Vasc Surg
1996;24:750-4.
19. Rodriguez AA, Whitehead CM, McLaughlin RL, Umphrey
SE, Welch HJ, O’Donnell TF. Duplex derived valve closure
times fail to correlate with reflux flow volumes in patients with
chronic venous insufficiency. J Vasc Surg 1996;23:606-10.
20. Payne SP, Thrush AJ, London NJM, Bell PRF, Barrie WW.
Venous assessment using air plethysmography: a comparison
with clinical examination, ambulatory venous pressure mea-
surement and duplex scanning. Br J Surg 1993;80:967-70.
Submitted Feb. 24, 1997; accepted Oct. 10, 1997.
